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Supplementary Figures
. Transfection of NIH-3T3 cells with bolaampphiphile vectors. GFP-expressing NIH-3T3 cells were treated with complex solutions at various N/P ratios with [siRNA] = 100 nM. Cells were exposed to transfection media for 4 hours with analysis by flow cytometry after 48 hours. Normalized GFP expression was calculated by comparing mean GFP fluorescence of cells treated with anti-GFP/vector complexes to that of cells treated with complexes formed using non-targeting siRNA. siRNA Sequence (sense) Sequence (anti-sense)
Anti-GFP 5'-CAAGCUGACCCUGAAGUUCTT-3' 5'-GAACUUCAGGGUCAGCUUGCC-3'
Anti-Luciferase 5'-AGACUAUAAGAUUCAAUCUtt-3' 5'-AGAUUGAAUCUUAUAGUCUtg-3' 
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Bolaamphiphile Synthesis and Characterization
Synthesis of G2 Bolas with Hydrocarbon Cores
Scheme S1. General synthetic route to G2 dendritic peptide bolas having a hydrocarbon core. C18 core is shown as an example in this scheme. The synthesis of bolas with other hydrophobic cores follows the same route. The reaction mixture was left to stir at room temperature overnight. After the reaction, the mixture was diluted with 150 mL DCM and washed with 0.02 N HCl in brine, 1.0 M NaHCO 3 , and brine three times. The organic layer was dried over Na 2 SO 4 and the solvent was removed in vacuo. The crude product was purified by column chromatography (1~3% TEA in DCM). In a 15 mL round bottom flask, 1 (0.150 mmol) was dissolved in 4 mL DCM and 0.05 mL TIPS, followed by drop-wise addition of 0.5 mL TFA. The reaction was left to stir at rt for 1 h, and all volatiles were removed in vacuum. The crude product was purified by re-dissolving in minimum DCM/MeOH mixture and precipitated in Et 2 O to give the TFA salt of 2 as a slightly yellow viscous solid (115 mg, 39% yield over 2 steps). 1 H NMR (500 MHz, CD 3 OD) δ 3.52 (t, J = 6.5
Hz, 2H), 3.30 (t, J = 6.8 Hz, 2H), 2.99 (t, J = 6.7 Hz, 2H), 2.87 (t, J = 6.7 Hz, 2H), 2.21 (t, J = 7.5 Hz, 2H), 1.62 (s, 2H), 1.32 (d, J = 12.5 Hz, 14H).
G2-Lys-dendron
Synthesis of G2-lysine dendron. In a 100 mL flask equipped with stir-bar, H-Lys- After the reaction is deemed complete the excess THF is removed via vacuum and the remaining mixtures is diluted with 100 mL DCM. 50 mL of brine is added to the mixture and shaken in a extraction funnel yielding an emulsion. 2.0 N HCl is then added drop wise until the reaction separates (~19 mL). The organic layer is then washed with 2 x 50 mL brine. The organic layer was dried over Na 2 SO 4 and the solvent was removed in vacuum yielding 1395 mg of the G2-Lysine dendron (white solid, 96% isolated yield).
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Synthesis of bola-C18-G2-NH 2 (2). In a two-dram vial, 1 (0.0565 mmol, 1 equiv), bocprotected G2-Lysine-Dendron (90.7 mg, 0.113 mmol, 2 equiv) and DIPEA (21 µL, 0.120 mmol, 2.15 equiv) were dissolved in 2.5 mL DMSO, followed by the addition of EDC•HCl (23.0 mg, 0.120 mmol, 2.15 equiv), and HOBt (16.2 mg, 0.120 mmol, 2.15 equiv). The reaction was left to stir at rt for 24h. After the reaction, the mixture was diluted with 150 mL DCM and washed with 0.02 N HCl in brine, 1.0 M NaHCO 3 , and brine three times. The organic layer was dried over Na 2 SO 4 and the solvent was removed in vacuum. The crude product was purified by dissolution in MeOH and precipitation in water. If necessary, the product was further purified by column chromatography (20~40% EtOAc in Hexanes). After purification, the Boc was deprotected in a solution of TFA solution (Typically, 1 mL TFA, 1.5 mL anisole, 2.5 mL DCM and 0.1 mL TIPS). The deprotection was done in 4h at rt, followed by solvent removal in vacuo.
The product was then purified by dissolution in a minimum amount of MeOH and precipitation 
Synthesis of G1 and G3 Bolas
Scheme S2. Synthetic route for bola-C18-G1.
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Synthesis of bola-C18-G1-NH 2 (4). In a two-dram vial, 1 (0.0596 mmol, 1 equiv, 50 mg), Boc-Lys(boc)-OH.DCHA (62.8 mg, 0.119 mmol, 2 equiv) and DIPEA (23 µL, 0.131 mmol, 2.2 equiv) were dissolved in 2.5 mL DMSO, followed by the addition of EDC•HCl (25.1 mg, 0.131 mmol, 2.2 equiv), and HOBt (20.1 mg, 0.131 mmol, 2.2 equiv). The reaction was left to stir at rt for 24h. After the reaction, the mixture was diluted with 150 mL DCM and washed with 0.02 N HCl in brine, 1.0 M NaHCO 3 , and brine three times. The organic layer was dried over Na 2 SO 4 and the solvent was removed in vacuum. The crude product was purified by dissolution in MeOH and precipitation in water. If necessary, the product was further purified by column chromatography (20~40% EtOAc in Hexanes). After purification, the Boc was deprotected in a cocktail of TFA solution (Typically, 1 mL TFA, 1.5 mL anisole, 2.5 mL DCM and 0.1 mL TIPS). The deprotection was done in 4h at rt, followed by solvent removal in vacuo.
The product was then purified by dissolution in a minimum amount of MeOH and precipitation The synthesis of bola with HEG core was achieved following the same procedure as bola-F10-G2, starting with hexa(ethylene glycol) in the first step. After drying for 1 h, 258 mg of the resulting 1,2,3-triazole diacid linker was obtained (85% isolated yield).
Synthesis of Bolas with Fluorocarbon
Bola-HEG-G2
Synthesis of Bola with Triazole
Core. The 1,2,3,-triazole containing diacid was subjected to the same synthetic route as described in scheme S1 to give bola-TZ-G2. Synthesis of m-OA2 tail 9. In a 25 mL round bottom flask, the acid synthesized in the previous step (392.3 mg, 0.581 mmol. 1 eq.) was dissolved in DCM (5 mL) and EDC (122.5 mg, 0.639 mmol, 1.1 eq.), HOBt (86.3 mg, 0.639 mmol, 1.1 eq.), mono-trityl-cysteamine (240.7 mg, 0.610 mmol, 1.05 eq.), and DIPEA (0.121 mL, 0.697 mmol, 1.2 eq.) added. The reaction mixture was stirred at RT for 24 h followed by dilution with DCM (50 mL) and transferred to a separatory funnel. The organic layer was washed with 0.02N HCl (2 x 50 mL), 1N Na 2 SO 3 (2 x 50 mL), and brine (1 x 50 mL). The crude product was purified by column chromatography (1:1 to 0:1 hexanes/EtOAc ) to yield the trityl protected product (211 mg, 35%). The purified product was dissolved in DCM (5 mL) then TIPS (0.5 mL) and TFA (0.5 mL) added sequentially. After stirring at RT for 2 h, the solvent was removed in vacuo and the deprotected amine purified by column chromatography (10:1:0.1 DCM/MeOH/TEA) to give the pure product (116 mg, 72%). Synthesis of G2 monoamphiphiles. The His/Trp functionalized G2 monoamphiphiles were synthesized by subjecting 9-11 to the same amino acid coupling reactions previously reported procedure to give m-C11-G2, m-OA-G2, and m-OA2-G2.
Bola-TZ-G2-NH
ESI
Experimental Procedures for Cytotoxicity and Hemolysis Studies
MTT Assay. NIH 3T3 fibroblast cells were seeded at a density of 5000 cells/ well in 96well plates 24 h in advance. The culture media was changed from 100 µL DMEM with 10% fetal bovine serum (FBS) to 80 µL plain DMEM immediately before the toxicity assay. 20 µL PBS solution containing different amount of bolas were then added to each well, followed by 4h incubation. The media was then changed back to DMEM with 10% FBS and cultured for another 48h. The media was replaced with 50 µL DMEM solution containing 0.5 mg/mL MTT, followed by 4h incubation at 37 C. 100 µL DMSO was added to the solution to dissolve the formed fomazan and the plate was incubated in a shaker at 37 C for 30 min. MTT reading was obtained by a plate reader (Abs 540 nm). As a positive control, cells were also treated with poly(ethylene imine) (PEI, M w = 25 kDA) at different concentration under the same conditions.
Hemolysis Assay. The cell membrane disruption of different dendron amphiphiles were measured by hemolysis assay. The procedure was adapted from literature report with slight modification. 100% bovine red blood cell (RBC) suspension was washed with PBS buffer and collected by centrifugation (10 min, 800G) three times before the assay. 20 µL RBC suspension was then mixed with 80 µL PBS solution containing different amount of amphiphiles, followed by 1 h incubation at 37 o C. RBCs were collected by 10 min centrifugation at 800G and the absorbance of the supernatant was measured at 540 nm. Pure PBS buffer was used as a negative control and 10 mg/mL Triton X-100 solution as the positive control. Percent hemolysis was calculated by comparing the absorbance of the sample with Triton X-100.
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Experimental Procedures for siRNA Binding and Self-assembly Studies
Gel Electrophoresis. The binding of siRNA to bola was studied by agarose gel electrophoresis. Both siRNA and bola were diluted with 10 mM phosphate buffer pH 7.4.
Different amount of bola solutions (5 mg/mL) were added to 5.0 µL 4 µM siRNA solution to achieve different N/P ratio. The same buffer was added to adjust the final volume to 10.0 µL, followed by 30 min incubation at room temperature. 2.5 µL 6X gel loading dye was added to each sample and 10 µL of the mixture was loaded to each well in 1% agarose gel with 1X
GelRed dye. The electrophoresis was run in TAE buffer at 60 V for 45 min and the gel was visualized under a UV transilluminator.
Dextran Sulfate Competitive Binding Assay. The binding strength of siRNA to bola was studied by competitive binding assay with dextran sulfate (DS). To 5 µL 4 µM siRNA solution was added different bola solution at N/P 40 and the mixtures incubated for 1h at r.t. 1 µL of DS solution at different concentrations was added to the complex to achieve different S/P ratio (the molar ratio of sulfate groups from DS and phosphate groups from siRNA) and the mixture incubated for another 30 min. The samples were then subjected to agarose gel electrophoresis under the aforementioned condition.
Glutathione Triggered Release of siRNA from Bola Complexes. To 5 µL 4 µM siRNA solution was added concentrated bola solution to achieve N/P 40 and the final volume was adjusted to 10 µL by pH 7.4 phosphate buffer. After 1h incubation at room temperature, 1 µL 55 mM glutathione (GSH) was added to the solution to achieve a 5 mM final concentration, followed by 30 min incubation at room temperature. All samples were then subjected to agarose gel electrophoresis under the aforementioned condition.
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Negative-stain TEM. siRNA-amphiphile complexes for negative-stainTEM studies were prepared at 2-10 µM siRNA concentration and a N/P ratio of 10 in ddH 2 O. In a typical procedure, 10 µL solution containing dendron amphiphiles were added to 10 µL siRNA solution containing 160 pmol negative control siRNA. The solution was briefly vortexed and incubated at rt for 30 m before imaging. TEM grids (Ultrathin Carbon Type-A, 400 mesh) were glow discharged before use. 8 µL samples solution were placed on the grid and let stand for 1 min.
The solution was blotted away with a filter paper, while 15 µL 2% Uranyl Acetate was pipetted on to the grid from the other side. After 1 min, the staining process was repeated with another 15 µL 2% Uranyl Acetate solution. All the solution was removed by a filter paper and the grid was left air dry for 10 min before loading into the instrument. Images were obtained on a FEI Tecnai G2 TF20 high resolution TEM operated at an accelerating voltage of 200 kV.
Cryo-TEM. Vector/siRNA complexes for cryo-TEM were prepared at 5 µM siRNA concentration and a N/P ratio of 10 in PBS buffer (10 mM phosphate, 10 mM NaCL, pH = 7.4).
In a typical procedure, an appropriate amount of vector was diluted to 13.1 µL using PBS and 1.9 µL of 40 µΜ siRNA was added. After brief mixing via pipette and 5 minutes incubation, cryo-TEM samples were prepared using a Vitrobot and Quantifoil grids (Cu, 200 mesh, 2 µm holes, glow discharged before use). Samples were placed in a Gatan cryo-holder, transferred to a FEI Tecnai G2 TF20 high resolution TEM, and imaged at 200 kV in low-dose mode. expressing luciferase were seeded at a density of 4,000 cells/ well in a 96-well plates 48 h in advance such that they were ~50% confluent at time of transfection. Vector/siRNA complexes containing either anti-luciferase or control non-targeting siRNA were prepared following the optimized procedure with OptiMEM as the dilution buffer, giving 5X complex solutions with siRNA concentration = 250 nM at an N/P ratio of 45. Immediately before transfection, the culture media was replaced with 80 µL DMEM containing 0%, 12.5%, 25% , 50% or 100% FBS. 20 µL of the 5X complex solutions were then added to each well to make the final siRNA concentration 50 nM and the final FBS composition 0%, 10%, 20%, 40% or 80%. After 4h incubation, the media was replaced with 100 µL DMEM with 10% FBS. After 48 hours, the luciferase knockdown was assessed as described previously.
IC50 Determination in MDA-MB-231 Cells. MDA-MB-231 cells expressing luciferase were seeded at a density of 4,000 cells/ well in a 96-well plates 48 h in advance such that they were ~50% confluent at time of transfection. Vector/siRNA complexes containing either anti-S38 luciferase or control non-targeting siRNA were prepared following the optimized procedure with OptiMEM as the dilution buffer, giving 5X complex solutions with the desired siRNA concentrations at a N/P ratio of 45. Immediately before transfection, the culture media was replaced with 80 µL of antibiotic-free OptiMEM. 20 µL of the 5X complex solutions were then added to each well to give final siRNA concentrations of 0.25, 0.5, 1.5, 3, 6. 25, 12.5, 16.6, 25, 33.3, 50, 66.6, 75 , and 100 nM. After 4h exposure, the media was replaced with 100 µL DMEM containing 10% FBS. After 48 hours, the luciferase knockdown was assessed as described previously. For each vector, the knockdown percentage at half maximal effect was determined and a linear trend between the flanking data points used to calculate the IC50 value.
Confocal Laser Scanning Microscopy. Confocal laser scanning microscopy was used to observe the trafficking of labeled siRNA in the transfected cells. Unmodified NIH 3T3 fibroblast cells were seeded at a density of 15000 cells/well on an 8-well chamber slide (Lab-Tek, Rochester, NY) 24h before transfection. Cy3-labeled siRNA was complexed with FITC-labeled amphiphiles at N/P 45 and transfected to the cells under aforementioned conditions. After transfection, the media was changed back to DMEM supplemented with 10% fetal bovine serum.
Confocal fluorescence spectroscopy was performed at different time points after the transfection.
The nucleus was counter-stained by 25 µg/mL DAPI for 30 min prior to imaging. All confocal images were acquired using a Zeiss LSM 510 inverted laser-scanning confocal microscope. A 40× numerical aperture of 1.4 oil immersion planapochromat objective was used for all experiments. A 559 nm helium-neon laser, a SMD640 dichroic mirror, and a 575-620 nm bandpass barrier filter were used to obtain the images of Cy3-labeled siRNA. FITC fluorescence of labeled amphiphile was acquired using a 488 nm excitation light, a SDM560 dichroic mirror, and a 505-540 nm band-pass barrier filter. Images of DAPI-stained nuclei were acquired using a 780 S39 nm two-photon excitation light, a 635 nm dichroic mirror, and a 655-755nm band-pass barrier filter. The three fluorescent images were scanned separately and overlaid together with the differential interference contrast image (DIC). The cells were scanned as a z-stack of twodimensional images (1024×1024 pixels) and an image cutting approximately through the middle of the cellular height was selected to present the intracellular siRNA localization.
